Abstract. There are many kinds of aluminum alloys suitable for double-pulse MIG welding, however, the welding parameters are much more and they cannot be easily adjusted. Thus, it is necessary to establish the expert database for the welding source. In order to improve the adjustment performance to precisely control the welding current, this paper proposes a kind of expert database of unified parameter adjustment based on the long-step calibration and cubic spline interpolation to make the welding parameters "continuously adjusted" and "precisely matched" as well as make the test results verified.
Introduction
The double-pulse MIG welding involves a large amount of control parameters, moreover, it would directly affect the stability and joint performance in the welding process whether the parameters selected are suitable or not. Therefore, it is an important content for the welding study to establish an expert database including welding conditions, methods and parameters. However, there is much less study on the expert database of double-pulse MIG welding of aluminium alloy at home. This paper establishes an expert database to make the welding parameters "continuously adjusted" and "precisely matched" by a specific algorithm based on the welding process test [1, 2] , which has a very important significance to study the high-end double-pulse MIG welding source of aluminium alloy.
Unified Database
It is the key for double-pulse MIG welding of aluminium alloy that the wire feed rate matches well with the current during the welding process. However, the difficulties to establish the double-pulse MIG welding expert database of aluminium alloy are as follows. (1) There are many kinds of aluminium alloys, as well as different wire feed rates are needed according to the different welding process requirements. So the database establishment would cost much more manpower, time and money. (2) The aluminium alloy has better conductive and heat-conducting properties. When the aluminium alloys are welded with the same welding parameters at different temperatures, the welding results are significantly different. This results in worse repeatability of welding data and worse consistency [3] . The original data are needed to establish the expert database, and they present as some discrete points in a two-dimensional plane. Then these discrete points are processed into a line by the interpolation algorithm or curve fitting approximation, thus obtaining the complete continuous curve. Finally, another parameter is found out to match with some parameter to establish a unified database [4, 5] .
There are two methods to build the continuous model, namely, interpolation method and curve fitting. The interpolation method requires that the interpolation function curve must go through these discrete points, but the curve fitting only requires that the fitting function curve approaches the known discrete points as far as possible as well as the fitting function curve can accord with the distribution profile of known discrete points [5] .
It is assumed that the continuous function is in the [ ( )
Where inf is the infimum sign.
(2) Best uniform approximation
Then the best uniform approximation is also called as Chebyshev approximation.
Long-step calibration method
At present, the intelligent welding source with the parameter storage only has a certain automatic control functions, and they store much more welding parameters by a large amount of welding procedure tests. However, in the practical welding process, the existing welding parameters can only conduct the read operations rather than the write operations. This would result in two problems, as follows. (1) The huge number of data are needed, and the welding parameters which are not stored cannot be used for welding. But if all the welding data are stored, the cost is greatly high; (2) There possibility exist the "global risk", for example, if there exists local difference in a type of welding sources, all the welding parameters are invalid so that the welding fails. In order to solve these problems, the new generation of doublepulse MIG welding source of aluminium alloy not only can store the welding parameters but also has the selflearning function.
So this paper proposes a kind of parameter selflearning method based on the long-step calibration, and then the expert database which only has read operation has the dynamically flexible self-adjusting function. This lays a foundation for studying the new generation of double-pulse MIG welding source of aluminium alloy.
The long-step calibration refers to the larger step among the data, and it only calibrates some typical parameters. For example, the scope of welding current for the double-pulse MIG welding of aluminum welding wire with a diameter of 1.6mm is [40A], so the step is set as 40A, then the welding parameter to be calibrated is 40A. If there exists some special parameters such as inflection point, and so on, the refinement calibration is needed near the special points.
Cubic spline interpolation algorithm
Equations should be centred and should be numbered with the number on the right-hand side.
In order to overcome the Runge's phenomenon of Lagrange interpolation curve as well as improve the smoothness of Newton interpolation in the nodes, this paper uses the cubic spline interpolation algorithm.
The principle of cubic spline interpolation algorithm is as follows. There are interpolation nodes in the interval Figure 2 is the flow chart of cubic spline interpolation algorithm. are known, when the cubic spline interpolation algorithm is used to figure out x and y values, the solution is shown as the flow diagram in Figure 1 . The Matlab software is used to obtain the cubic natural spline interpolation curve of function
, as shown in figure 1 . From Figure 1 , the cubic natural spline interpolation algorithm well overcomes the Runge's phenomenon of Lagrange interpolation algorithm, roughness in the nodes of Newton interpolation algorithm, and so on, the interpolation curve drawn is close to the original curve, as well as the interpolation curve is very smooth.
Result
After the text edit has been completed, the paper is ready for the template. Duplicate the template file by using the Save As command, and use the naming convention prescribed by your conference for the name of your paper. In this newly created file, highlight all of the contents and import your prepared text file. You are now ready to style your paper. Figure 3 is the expert database established by the cubic natural spline interpolation algorithm, and the parameters selected from the expert database are used for the welding line of aluminium alloy by the double-pulse MIG welding. Moreover, the original instantaneous current and voltage waveforms are collected by the dynamic wavelet analyzer in the welding process, and then the U-I diagram is analyzed. Figure 3a and b are the original instantaneous current and voltage waveforms in the double-pulse MIG welding of aluminium alloy, respectively. Clearly, the pulse waveforms dispaly the sine-wave modulation, and the instantaneous current and voltage waveforms can directly reflect the stability of welding process. Figure 3c shows the U-I diagram after the wavelet filter. The edge line group keeps in order, their distribution is very concentrated, and the U-I diagram presents the high repeatability. Thus the welding quality and welding process control are stable and reliable. It is suggested by the test process and the results that the welding parameters obtained by the cubic spline interpolation algorithm are stable and reliable in the double-pulse MIG welding of aluminium alloy, and the welding lines are in fish-scale patterns. So these parameters can meet the welding requirement of aluminium alloy.
Conclusion
The cubic spline interpolation algorithm can well overcome the disadvantages such as Runge's phenomenon, roughness in the nodes, and so on. In this paper, the expert database of unified parameter adjustment based on the long-step calibration and cubic spline interpolation is proposed. The long-step calibration can make the welding parameters "continuously adjusted", the cubic spline interpolation can make the welding parameters"precisely matched", and thus the welding source has the unified adjustment function. This greatly decreases the repetitive process adjustment steps and meets the actual demand in the welding process.
